Pazopanib (GW786034; Votrient; GlaxoSmithKline) is an oral multi-target tyrosine kinase inhibitor (TKI) targeting receptors of vascular endothelial growth factor (VEGF-1, -2 and -3), platelet-derived growth factor (*α* and *β*) and stem cell factor (c-kit; [@bib3]). Pazopanib is approved by FDA and EMA, and used for the treatment of advanced renal cell carcinoma ([@bib36]) and advanced soft tissue sarcoma (STS) ([@bib3]). It has demonstrated activity in the preoperative setting for NSCLC ([@bib1]) and advanced epithelial ovarian cancer, fallopian tube or primary peritoneal cancer ([@bib6]). The recommended dose of oral pazopanib is 800 mg once daily (QD). The most common side effects (\>30%) included: diarrhoea, hair and skin hypopigmentation, hypertension, nausea, fatigue, anorexia, vomiting, and elevated alanine aminotransferase (ALT) and elevated aspartate aminotransferase (AST; [@bib3]). Peak concentrations are achieved within 2--4 h with a mean elimination half-life (*t*~1/2~) of ∼30 h in human plasma. Pazopanib absorption is increased by food and therefore was administered on an empty stomach. Pazopanib is not extensively metabolised and major route of elimination of pazopanib is excretion of parent compound in faeces ([@bib3]). Metabolism of pazopanib is primarily by cytochrome P-4503A4 (CYP3A). Pazopanib is a substrate with a moderate affinity for the drug efflux transporters P-glycoprotein-1 (P-gp/ABCB1) and with a high affinity for breast cancer resistance protein (BCRP/ABCG2) ([@bib43]; [@bib23]; [@bib11]; [@bib3]).

Topotecan (Hycamtin, GlaxoSmithKline), a semisynthetic analogue of camptothecin, inhibits DNA topoisomerase I in dividing cells. By binding to the cleavable complex, topotecan blocks further replication, which leads to cell death ([@bib9]; [@bib2]). Intravenous (i.v.) topotecan is approved for the treatment of small cell lung cancer (SCLC), cervical cancer and metastatic ovarian carcinoma, whereas oral topotecan is approved for SCLC only ([@bib12]; [@bib2]). The oral formulation enables more convenient dosing than i.v. administration, especially in combination regimens with other oral anti-cancer agents ([@bib29]) and has similar in activity to i.v. topotecan, with less grade 4 neutropenia and greater convenience of administration ([@bib42]). In patients with platinum-resistant recurrent ovarian cancer, the 5-day schedule had better progression-free survival than the weekly schedule, but the weekly schedule had comparable overall survival and a favourable toxicity profile ([@bib32]). However, the 5-day schedule is limited by the occurrence of haematological toxicity ([@bib31]; [@bib37]).

The time to reach peak plasma concentration (*T*~max~) for oral topotecan is 2 h. Following oral administration, ∼20% was recovered as parent (total topotecan) drug in urine and 33% of the oral dose was found to be unchanged (total topotecan) in faeces ([@bib13]). The contribution of metabolism to topotecan total body clearance (CL) is limited (\<10%). Topotecan undergoes reversible pH-dependent hydrolysis, yielding topotecan carboxylate. Elimination *t*~1/2~ for oral topotecan is between 4 and 6 h ([@bib13]). The absorption of oral topotecan is limited largely due to BCRP- and P-gp-mediated efflux of oral topotecan in the intestinal epithelium that varies among subjects ([@bib20]; [@bib30]; [@bib19]).

Various preclinical and clinical studies of anti-angiogenic agents in combination with chemotherapy showed mild toxicity and improved anti-tumour activity ([@bib25]). The observed additive effect could be attributed to the anti-angiogenic drugs that act by normalising tumour vasculature, which can then lead to improved delivery of cytotoxic drugs to the tumour ([@bib15]). Further, topotecan showed to be a potent inhibitor of hypoxia-inducible factor HIF-1*α* and HIF-2*α* subunits, leading to decreased VEGF expression and angiogenic activity and contribute to the mode of action of the pazopanib and topotecan combination. Other theories are based on timing of anti-angiogenic drugs during chemotherapy-free periods ([@bib33]; [@bib27]). Preclinical models of pazopanib and topotecan co-administration showed significantly improved anti-tumour activity compared with the respective single agents ([@bib16]; [@bib18]). Prolonged combination therapy with low-dose topotecan and pazopanib in mouse models demonstrated sustained anti-angiogenic activity ([@bib18]). A study in patients with gynaecologic tumours showed the lack of a statistically significant drug--drug interaction between pazopanib and low-dose topotecan ([@bib40]).

The aim of this study was to evaluate the safety, tolerability, maximum tolerated dose and pharmacokinetics of two topotecan dosing schedules in patients with advanced solid tumours.

Patients and methods
====================

Patient selection
-----------------

Eligible patients were those with histologically or cytologically confirmed diagnosis of a progressive advanced solid tumour that was resistant to standard therapy or for whom there was no established therapy. Other inclusion criteria were: written informed consent; ⩾18 years; Eastern Cooperative Oncology Group performance status of ⩽1; able to swallow and retain oral medications; adequate haematological (neutrophils ⩾1.5 × 10^9^ per litre; haemoglobin ⩾6.2 mmol l^−1^; platelets ⩾100 × 10^9^ per litre), hepatic (bilirubin ⩽1.5 × upper limit of normal (ULN); AST and ALT ⩽3 × ULN or ⩽5 × ULN in case of liver metastases) and renal function (Cockroft-Gault creatinine CL ⩾50 ml min^−1^ and urine protein creatinine ratio and partial thromboplastin time ⩽1.2 × ULN). Exclusion criteria were: less than 4 weeks since last chemo, radio or biologic therapy or surgery or less than 6 weeks since last prior nitrosurea or mitomycin C chemotherapy; administration of investigational drugs within 30 days or 5 elimination half-lives; prior treatment with pazopanib or investigational anti-angiogenic compounds; uncontrolled infection; pregnancy or lactating (all patients with child-bearing potential had to use adequate contraceptive protection); poorly controlled hypertension (systolic ⩾140 mm Hg or diastolic blood pressure ⩾90 mm Hg); prolonged QTc interval; class III or IV heart failure; vascular events within 6 months; therapeutic heparin or warfarin use; leptomeningeal or brain metastases; and any other condition that would interfere with the patient\'s ability to comply with the dosing schedule and protocol-specified evaluations. The study was conducted in accordance with the guidelines for good clinical practice, and was approved by local Medical Ethics committees.

Study design and treatment administration
-----------------------------------------

This was a two-stage, two-arm, open-label, dose-escalation phase I study (NCT00732420, [www.clinicaltrials.gov](http://www.clinicaltrials.gov)). From September 2008 to September 2013 three centres participated in the study. These included the Abramson Cancer Center of the University of Pennsylvania in the USA, University Medical Center Utrecht and the Netherlands Cancer Institute Antoni van Leeuwenhoek Hospital, Amsterdam, both in the Netherlands. In the drug--drug interaction study portion (P1), the impact of pazopanib on the exposure of oral topotecan was investigated. In P2, the combination regimens were explored in a dose-escalation phase and a dose-expansion phase. There were two different combination regimens for oral topotecan: P2A: topotecan once weekly (day 1, 8 and 15) in a 28-day cycle; P2B: topotecan on days 1--5 in a 21-day cycle, whereas oral pazopanib was taken daily (QD) throughout the cycle. Patients were enroled in sequential cohorts of three to six patients and the maximal tolerated dose (MTD) was defined as the highest dose level at which not more than one out of six patients experienced a dose-limiting toxicity (DLT) after completing one treatment cycle.

Study procedures, safety and efficacy assessments
-------------------------------------------------

Written informed consent was obtained before study-specific assessments. Demographic data, concomitant medications and medical history were recorded. Complete physical examinations, including ECG, and clinical laboratory tests were performed at screening and at regular intervals during cycle 1, during any following cycles and at study termination. Toxicities were graded according to the National Cancer Institute Common Terminology Criteria of Adverse Events version 3.0. Radiological tumour assessments were performed at baseline and every two cycles. Tumour measurements were carried out according to RECIST 1.0. Patients remained on treatment until disease progression, unmanageable toxicity had developed or withdrawal of consent. Patients were considered to be evaluable for safety when they completed cycle 1.

Dosing
------

Pazopanib monohydrochloride was provided as 200 and 400 mg tablets. Oral topotecan was provided as capsules containing topotecan HCL, equivalent to 0.25 or 1.00 mg. Different dose levels of pazopanib and topotecan are summarised in [Table 1](#tbl1){ref-type="table"}. Pazopanib and topotecan were administered with water on an empty stomach either 1 h before a meal or 2 h after a meal. Dose reductions following each cycle were allowed twice. Specific guidelines were prescribed for management of hypertension and diarrhoea. Oral topotecan was administered as a flat dose, in this study, to facilitate the interpretation of the pharmacokinetic data and decrease medication errors, as there is no reduction in variability in systemic exposure to topotecan by BSA-based dosing *vs* flat dosing ([@bib21]).

In P1, the interaction portion of the study, pazopanib was dosed continuously from day 2 at 800 mg. Topotecan 4 mg was administered only on day 1 and 15 of cycle 1. This order was chosen with the aim to enable pharmacokinetic sampling of both drugs as monotherapy and in combination therapy. On completion of the P1 (Days 1--15), subjects continued pazopanib monotherapy (continuation phase) in 28-day cycles.

In the P2A of the dose-escalation component, patients started with continuous pazopanib monotherapy at day −14, which was before administration of topotecan once weekly on days 1, 8 and 15 in 28-day cycles. The presence of steady-state levels of pazopanib ensured accurate determination of cycle 1 DLTs during the oral topotecan dosing.

In the P2A dose expansion, continuous pazopanib dosing started on day 2 and topotecan was dosed on days 1, 8 and 15 of a 28-day cycle.

In the P2B dose-escalation, patients started with continuous pazopanib monotherapy at day −14, which was before administration of topotecan on a daily-times 5-consecutive days (on days 1, 2, 3, 4 and 5) of a 21-day cycle.

In the P2B dose expansion, oral topotecan was given continuous on days 1--5 every cycle of 21 days (daily-times-five). Dosing with pazopanib began on day 6 of cycle 1.

Dose-limiting toxicities
------------------------

A DLT was defined as: any grade 3 or 4 clinically significant non-haematological toxicity (excluding grade ⩾3 nausea and vomiting without maximal anti-emetic prophylaxis); grade 4 neutropenia with fever or infection or grade 4 neutropenia ⩾5 days or grade ⩾3 neutropenia requiring delay in the next cycle; grade 4 thrombocytopenia (\<25 000 mm^−3^/\<25.0 × 10^9^ per litre; inadequately controlled grade 3 hypertension in spite of maximal two antihypertensive drugs; grade 4 hypertension; grade 3 proteinuria during uncontrolled hypertension and/or renal impairment or lack of improvement to grade ⩽2 upon interruption of pazopanib; grade 4 proteinuria; delay of next cycle of ⩽2 weeks due to unresolved toxicity; grade 2 non-haematological toxicity beyond cycle 1 and any grade ⩽2 toxicity that was considered a DLT.

Pharmacokinetic sampling and analysis
-------------------------------------

Blood samples for the determination of pazopanib in P1 and P2A dose expansion, were obtained on days 14 and 15 at baseline and at 1, 2, 3, 4, 6, 8, 10--12 and 24 h following administration of pazopanib. Pharmacokinetic sampling was also performed for total topotecan at day 1 and day 15 at baseline and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10--12 and 24 h following administration of topotecan.

In P2B dose expansion, the pharmacokinetic sampling was performed according the same schedules but on day 5 of cycle 1 for topotecan alone, day 21 of cycle 1 for pazopanib alone and day 5 of cycle 2 (day 26) for both topotecan and pazopanib.

At each collection point, for pazopanib, 2 ml of whole blood was withdrawn into a tube containing potassium ethylenediaminetetra acetic acid. For total topotecan, 3 ml of whole blood was withdrawn into lithium heparinised collection tube. After separation, the plasma was stored frozen at −30 **°**C. Plasma concentrations of pazopanib and total topotecan (both carboxylate and lactone form) were quantified using a validated high-performance liquid chromatography method ([@bib28], [@bib14]). Total topotecan and pazopanib concentrations and actual sample collections times were used to carry out non-compartmental analysis using WinNonLin (v 6.2). The following pharmacokinetic parameters were determined: area under the concentration--time curve extrapolated to infinity (AUC~0--∞~), terminal half-life (*t*~1/2~) for total topotecan and only AUC~(0--24)~ for pazopanib. The maximum observed plasma concentration (*C*~max~), time to maximum observed plasma concentration (*t*~max~) and concentration at 24 h (*C*~24~) was directly obtained from the plasma concentration data.

Pharmacogenetics (Pg)
---------------------

Pg and biomarker analyses in blood and on archive tumour samples were collected. Separate written informed consent was required for Pg sampling. Several genes involved in safety and efficacy of the study drugs were planned to be investigated for single-nucleotide polymorphisms (SNP). These included genes coding for drug targets such as UDP-glucoronyltransferase (UGT1A1) and drug transporters such as P-gp. Additional analysis was included for polymorphisms in the hemochromatosis (*HFE*) gene, which was recently shown to be associated with ALT elevation in renal cell cancer patients treated with pazopanib ([@bib43]).

Statistical methods
-------------------

Safety and preliminary anti-tumour activity data, as well as calculated pharmacokinetic parameters were summarised and tabulated using descriptive statistics. The effect of pazopanib on total topotecan and of total topotecan on pazopanib was assessed. Pharmacokinetic parameters, including AUC~0--∞~, *C*~max~ and *t*~1/2~ for total topotecan, and AUC~(0-24)~, *C*~max~ and *C*~24~ for pazopanib, were analysed using a mixed effects model on log-transformed data with treatment as a fixed effect and subject as a random effect. The geometric last squares mean ratio and associated 90% confidence interval (CI) were calculated after transforming the log-transformed results back to the original scale. For paired data, *t*~max~ was compared between the groups using the Wilcoxon-matched pairs method ([@bib35]). With point estimates and 90% CIs for median differenced were calculated.

Results
=======

In total, nine patients with mean age 59 (range 37--78) were treated in the interaction study (P1). In dose-escalation and -expansion study (P2), 58 patients with mean age of 52.3 (range 18--72) years were treated. The patient characteristics are listed in [Table 2](#tbl2){ref-type="table"}.

Dose escalation
---------------

Planned dose escalation is summarised in [Table 1](#tbl1){ref-type="table"}. The weekly dose of 10 mg topotecan and continuous 800 mg pazopanib (P2A) was determined to be above the maximal tolerated dose as two out of six patients experienced a DLT (one grade 3 diarrhoea and one grade 3 neutropenia). The next lower-dose level (8 mg topotecan and 800 mg pazopanib) was taken forward into the expansion cohort. The expansion cohort consisted of additional 11 patients who did not experience any DLT, as well as the initial three patients during the dose-escalation part.

A second dosing schedule (P2B) was explored based on daily-times-five oral topotecan dose every 3 weeks. Dosing started at 1.75 mg topotecan daily-times-five in combination with 400 mg pazopanib continuously. The combination of 3 mg topotecan daily-times-five with 800 mg pazopanib continuously resulted in a cohort of three patients that all experienced at least one DLT: grade 4 neutropenia lasting ⩾5 days; grade 3 thrombocytopenia, anaemia, leucocytopenia and bleeding; and grade 4 thrombocytopenia in combination with grade 3 neutropenia. The next lower-dose level, 2.5 mg topotecan daily-times-five with 800 mg pazopanib daily in 21-day cycle was expanded, where one out of six enroled patients experienced DLT (grade 4 neutropenia lasting \>5 days in combination with grade 4 thrombocytopenia). Therefore, this dose was taken forward into the expansion cohort. Eight additional patients were enroled in the expansion cohort, in which no further DLT was observed.

Safety
------

The summary of drug-related adverse events (grades 3, 4 and 5) in dose-escalation study (P2) is listed in [Table 3](#tbl3){ref-type="table"}. Two patients enroled in P2 (1a and 2a) received monotherapy but were included in the safety assessment. The most frequently occurring treatment-related haematological toxicities grades ⩾3 were neutropenia (15 and 25.9%), thrombocytopenia (12 and 20.6%), leucocytopenia (6 and 10%) and anaemia (3 and 5%). The daily-times-five topotecan regimen had higher rate of haematologic toxicities than the weekly schedule. In both the drug combination regimens, the most frequently occurring treatment-related non-haematological toxicities grades ⩾3 were fatigue (5 and 8%) and hypertension (4 and 7%). Gastrointestinal side effects such as nausea, vomiting and diarrhoea, all grades, occurred with comparable percentage in both schedules. Deaths related to study drug occurred in three patients. One patient with lung adenocarcinoma treated in P1 developed a fatal pulmonary haemorrhage while on pazopanib, 3 days following the last topotecan dose. The second death occurred also in P1 in a patient with synovial sarcoma, without history of hepatic disease, who developed hepatic failure while on pazopanib, 21 days following the last topotecan dose. At autopsy there was extensive liver necrosis and congestion, ascites and sub-acute heart congestion. Drug concentration values were consistent with therapeutic exposure. Several other causes, sub-clinical heart failure and paracetamol toxicity, were evaluated for their contribution to the observed hepatic toxicity, but none were confirmed; therefore, this event was classified as a pazopanib-related liver failure. One patient in the 3 mg topotecan daily-times-five and daily 800 mg pazopanib experienced grade 3 neutropenia and grade 4 thrombocytopenia on day 22 and treatment was interrupted. However, the patient died on 35th day of drug-related pancytopenia resulting in pneumonia and septic shock. This side effect has been reported in literature ([@bib24]). Non-fatal reversible treatment-related liver toxicity (elevated ALT and AST) occurred in 13 patients out of 67 patients from P1 and P2 (19%) during the whole study. The only other grade 4 elevated ALT and AST (1 out of 67, 1.5% each) was also observed in the P1 while on pazopanib, 15 days post last topotecan dose. This patient had colorectal carcinoma with liver metastases and experienced partial recovery after discontinuation of study medication and administration of oral steroids. Also, for this patient plasma concentration obtained at time of the liver event was not elevated (32.6 *μ*g ml^−1^). Therefore, this hepatic toxicity event was considered to be only partially due to pazopanib.

Pharmacokinetics
----------------

The pharmacokinetic population included data from patients who received all doses in P1 and received all MTD doses in P2 ([Table 4](#tbl4){ref-type="table"}). [Figure 1](#fig1){ref-type="fig"} shows the mean plasma concentration--time curves of pazopanib (A) and total topotecan (B) of patients treated in the drug--drug interaction study (P1) and individual total topotecan concentration--time curves in the MTD part of the study (P2) for weekly (C) and daily-times-five (D) schedules. Because of the safety reasons and one of the drugs dose delay/interruption, only 50% of patients from P2 expansion phase had paired available Pharmacokinetics (PK) measurements. No differences in pazopanib plasma concentration can be seen following pazopanib dose alone *vs* co-administration with topotecan ([Figure 1A](#fig1){ref-type="fig"}). However, a marked increase in mean total topotecan exposure was observed on the sampling day when topotecan was co-administered with pazopanib, compared with dosing alone ([Figure 1B--D](#fig1){ref-type="fig"}). Pazopanib exposure on both schedules was similar with or without co-administration of topotecan (figures not shown). Detailed pharmacokinetic data are summarised in [Table 4](#tbl4){ref-type="table"} and [Table 5](#tbl5){ref-type="table"}. Total topotecan exposure was increased when co-administered with pazopanib. Total topotecan Cmax increased ∼1.9-fold in P1 and both schedules in P2, whereas AUC~(0--∞)~ increased between 1.5- and 1.7-fold depending on study part and schedule. Individual increases in ratios ranged from 0.58 to 3.5 and 0.66 to 2.9 for *C*~max~ and AUC~(0--∞)~, respectively, for the topotecan 4 mg single dose in P1, from 1.0 to 3.0 and 1.5 to 2.1 for *C*~max~ and AUC~(0--∞)~, respectively, for 8.0 mg on weekly schedule and from 1.0 to 3.6 and 1.1 to 1.9 for *C*~max~ and AUC~(0--∞),~ respectively, for the topotecan 2.5 mg daily-times-five schedule. The minor differences between the three doses and schedules were likely due to the small sample sizes. Total topotecan mean *t*~½~ values were ∼4--5 h and were similar whether topotecan was dosed alone or with pazopanib. PK analysis of the two patients with severe liver toxicity did not suggest any significant difference in plasma drug exposure to other patients.

Pazopanib mean C24h plasma concentrations were \>25 *μ*g ml^−1^ in P1 and \>35 *μ*g ml^−1^ in P2 both schedules.

Pharmacogenetic analysis
------------------------

Pharmacogenetic analysis was performed in only two patients with severe hepatotoxicity in the P1. Both the patient with fatal hepatotoxicity and the patient with grade 4 ALT and AST elevation were found to be heterozygous for the *ABCB1* gene (\*6 and \*7, rs1045642 and rs2032582), which has been associated with decreased P-gp activity ([@bib8]). The latter patient also had one copy of the UGT1A6\*3A allele (S7A, rs6759892), which has been associated with lower UGT1A6 expression and possibly higher likelihood of paracetamol-induced hepatotoxicity ([@bib34]).

Preliminary anti-tumour activity
--------------------------------

Eight out of 50 patients evaluable in combination therapy (P2) showed partial tumour response (PR; 8 out of 50, 16%). Seven patients with PR had platinum-resistant ovarian cancer (47%, 7 out of 15 evaluable ovarian cancer) and one cervical cancer. Five patients with PR were observed in P2A and 3 in P2B. Duration of response (PR) was median 24 weeks (range 16--63). Twenty-seven patients showed stable disease (SD) as best response (54%). Seventeen were enroled in P2A and 10 in P2B. SD \>6 months were observed in 11 (22%) patients, in patients with ovarian (3) and colon--rectum cancer (2) and other tumour types (6). The most frequent tumours that showed SD were STS and ovarian. Early progression of disease was seen in 30% of the patients.

Discussion
==========

Pharmacokinetics and tolerance of the combination of oral topotecan and pazopanib treatment were studied in this phase I study. MTD of weekly oral topotecan was 8 mg on days 1, 8 and 15 in combination with 800 mg pazopanib daily in a 28-day cycle. For the daily-times-five regimen, MTD is 2.5 mg oral topotecan on days 1 through 5 with 800 mg pazopanib daily in the 21-day cycle. Both schedules could be administered for longer periods and showed initial signs of anti-tumour activity.

Pazopanib substantially increased exposure of total topotecan by 1.8-fold for *C*~max~ and 1.7-fold for AUC~(0--∞)~, which is considered clinically relevant, but did not increase *t*~½~ values, when compared with topotecan alone. This suggests that the effects of pazopanib on topotecan pharmacokinetics were pre-systemic (increase in oral bioavailability) and not related to changes in elimination. These findings can be compared with an effect of concomitant administration of oral topotecan and elacridar, the known potent inhibitor of BCRP and P-gp that resulted in a 2.8- and 2.4-fold increase in total topotecan *C*~max~ and AUC, respectively, and confirmed the effects of transporter modulation on the pharmacokinetics of topotecan. In contrast, there was only a 10% decrease in topotecan CL after i.v. administration and co-administration with elacridar ([@bib17]). These results indicate that the effects of elacridar on orally administered topotecan pharmacokinetics were also primarily pre-systemic and likely due to inhibition of transporters in the gut. These efflux transporters are located in the intestine where they act to limit drug absorption from the lumen ([@bib20], [@bib19]). BCRP and P-gp are also expressed in the liver and the kidney where they promote drug excretion into bile and urine, respectively ([@bib20]; [@bib30]; [@bib19]). However, topotecan is primarily renally excreted and undergoes little metabolism ([@bib13]). Although both topotecan and pazopanib are found to be high-affinity substrates for BCRP, topotecan is a weak substrate for P-gp and pazopanib moderate ([@bib20]; [@bib23]; [@bib2], [@bib3]), which means that pazopanib binds has a higher affinity for P-gp.

Previously published total topotecan exposure when 14 mg topotecan was dosed weekly without pazopanib (published data, [@bib41]) was similar to total topotecan plasma exposure following a weekly 8 mg oral topotecan dose in combination with daily pazopanib 800 mg ([@bib41]). This is not unexpected as pazopanib increased AUC ~(0--∞)~ ∼1.7-fold and the difference between 8 and 14 mg dose is ∼1.7.

The previous study with low-dose oral topotecan and pazopanib indicated there was no statistically significant drug--drug interaction, which might be because the model did not adequately describe the data, the study was not powered to see an effect, or the low-dose topotecan shows different results than standard doses. Their finding was based on a population pharmacokinetic analysis that included oral clearance (CL/F), central volume (Vc/F), absorption rate constant (*k*~a~) and lag time. The CL/F estimate with 95% CIs was 11.5 l h^−1^ (5.9--17.1). But this value is greater than two-fold lower the median *post hoc* estimation quoted in their study (26.7 l h^−1^) and the absolute CL for total topotecan 24.8 (l h^−1^; [@bib40]).

Pazopanib plasma concentrations did not differ between two regimens and were above (\>20.6 *μ*g ml^−1^) levels previously associated with longer PFS in renal cancer ([@bib38]). The severe haematological toxicities (grade ⩾3) were not more frequently reported in the present study with topotecan and pazopanib co-administration, than in the study with single weekly topotecan administration ([@bib41]). This is likely due to similar total topotecan concentrations in both studies.

In present study, the daily-times-five regimen resulted in more severe haematologic toxicity in comparison with the weekly topotecan regimen, whereas the dose density of the recommended topotecan dose in the daily-times-five regimen was lower (4.16 mg per week *vs* 6 mg per week).

The frequency of the gastrointestinal side effects (nausea/vomiting and diarrhoea) showed an additive effect in the combination treatment, when compared with safety information of single-agent treatment with both pazopanib and topotecan from the literature ([@bib22]). No clinically diagnosed congestive heart failure (CHF) was reported in our study, despite the fact that the recently published review with VEGFR-TKIs showed all-grade pazopanib-related CHF in 6.1% of patients ([@bib26]).

Elevated transaminases were seen in 22% of the patients that corresponds to previously reported frequencies for single-agent pazopanib (0%--35%) ([@bib14]; [@bib1]; [@bib36]; [@bib22]). Grades 3 and 4 liver enzyme increase were seen in \<1% of patients treated with pazopanib ([@bib3]). Rare but potentially severe and fatal hepatotoxicity has been observed with pazopanib treatment. There was one occurrence of fatal liver necrosis and another patient with liver metastases who developed grade 4 toxic hepatitis after pazopanib exposure. The liver necrosis could have been affected by the ABCB gene polymorphism, concomitant administration of topotecan and pazopanib and concomitant paracetamol treatment. Hepatotoxicity is not likely to be related to topotecan therapy based on experience from previous phase I--III trials ([@bib2]).

In the present study, stomatitis of all grades was observed two times more frequently (22 *vs* 11%) than in the pazopanib literature ([@bib3]). The reason for this could be underreporting of oral adverse events secondary to TKIs, as they more closely resemble aphthous stomatitis than oral mucositis or stomatitis caused by conventional agents ([@bib5]).

In total, 8 patients out of evaluable 50 (16%) had PR and 27 patients (54%) had SD. Seven out of 15 (47%) heavily pretreated patients with platinum-resistant ovarian cancer evaluable for anti-tumour activity showed PR as their best response. In the literature, topotecan alone in patients with recurrent ovarian cancer, in the daily-times-five oral regimen yielded objective response ranging from 13 to 16.3% when administered as second line and/or later lines of therapy ([@bib10]; [@bib39]; [@bib7]; [@bib4]), and 30% (6 out of 20) as a salvage i.v. topotecan single therapy ([@bib4]). Seven of the total number of patients had STS and all of them had SD, as their best response with mean duration of 15.5 weeks (s.d.=4.9).

Conclusion
==========

Pazopanib substantially increased exposure of total topotecan by 1.8-fold for *C*~max~ and 1.7-fold for AUC~(0--∞)~, which is considered clinically relevant, but did not increase *t*~1/2~ values, whereas topotecan had no effect on the exposure of pazopanib. The combination of both oral topotecan chemotherapy and angiogenesis inhibitor pazopanib was found to be active and tolerated by patients with solid tumours in two administration regimens: oral topotecan with 8 mg weekly in a 28-day cycle and 2.5 mg five times weekly in a 21-day cycle, both in combination with pazopanib 800 mg daily permitting further evaluation especially the weekly schedule.

Preliminary anti-tumour activity was observed in patients with advanced platinum-resistant ovarian cancer, who had all been pretreated with carboplatin.

**STATEMENT OF TRANSLATIONAL RELEVANCE**

Combining oral topotecan and pazopanib showed an acceptable safety profile in this phase I study in 67 enroled patients and was consistent with the known profile of both single agents. The daily-times-five regimen resulted in more severe haematologic toxicity in comparison with the weekly topotecan regimen. Pazopanib co-administration caused a substantial increase in exposure of total topotecan (1.7-fold) compared with topotecan alone, which is considered clinically relevant. Topotecan had no effect on pazopanib concentrations. Both regimens could be administered for longer periods and showed initial signs of anti-tumour activity. PR showed 8 out of 50 patients (16%), with a median duration of response of 24 weeks. Seven of them had platinum-resistant ovarian cancer. In addition, 54% of patients had SD as the best response with 22% stable for 6 months.

Our results suggested that the effects of pazopanib on topotecan pharmacokinetics were pre-systemic and not related to changes in elimination. Administration of oral topotecan in combination with pazopanib is found to be active and moderate to well tolerated by patients with solid tumours in two administration regimens.
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![**Mean (s.d.) plasma concentration--time curves of pazopanib (A) and total topotecan (B) during part 1 (P1) following single administration of pazopanib (day 14, *n*=7), single administration of topotecan (day 1, *n*=6) and concomitant administration of pazopanib and topotecan (day 15);** (**C**) Plasma concentration--time curves per patient treated with 8 mg topotecan weekly and 800 mg pazopanib daily in P2A and (**D**) treated with 2.5 mg topotecan daily-times-five and 800 mg pazopanib daily in P2B.](bjc2015257f1){#fig1}

###### Dosing, dose levels and dose-limiting toxicities (DLTs)

  -------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------ ------------------------------------------------ ---------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Part 1: P1 (cycle 28 days)**                                                                                                                                                                                                                                                                      
                                                                                                                                    Pazopanib, mg (from D2, C1 continuous dosing)                                   Topotecan, mg (only on days 1 and 15 in C1)       Number of evaluable patients                                                                       DLT (number of DLT events)
                                                                                                                                                         800                                                                             4                                         9                                                                                     1 DLT liver failure grade 5
  **Part 2: treatment arm A (P2A)---weekly topotecan+daily pazopanib in a 28-day cycle**                                                                                                                                                                                                              
  Dose level                                                                                          Pazopanib, mg (cont. dosing; in escalation part---start on D -14, C1; in expansion part---start on D2, C1)   Topotecan, mg (days 1, 8 and 15 of each cycle)        All treated population                                                                                        
  0                                                                                                                                                      400                                                                             4                                         3                                                                                                   
  1                                                                                                                                                      400                                                                             6                                         6                                                                                          1 DLT HFS grade 3
  2                                                                                                                                                      800                                                                             6                                         3                                                                                                   
  3 (MTD)                                                                                                                                                800                                                                             8                                         14                                                                                                  
  4                                                                                                                                                      800                                                                             10                                        7                                                                            2 DLTs diarrhoea grade 3 neutropenia grade 3
  **Part 2: treatment arm B (P2B)---topotecan daily-times-five+daily pazopanib in a 21-day cycle**                                                                                                                                                                                                    
  Dose level                                                                                          Pazopanib, mg (cont. dosing; in escalation part---start on D −14, C1; in expansion part---start on D6, C1)      Topotecan, mg (days 1--5 of each cycle)            All treated population                                                                                        
  0                                                                                                                                                      400                                                                            1.75                                       3                                                                                                   
  1                                                                                                                                                      800                                                                            1.75                                       3                                                                                                   
  1a                                                                                                                                                     800                                                                             0                                         1                                                                                                   
  2 (MTD)                                                                                                                                                800                                                                            2.5                                        14                                                                      1 DLT thrombocytopenia grade 4 and neutropenia grade 4
  2a                                                                                                                                                      0                                                                             2.5                                        1                                                                                                   
  3                                                                                                                                                      800                                                                             3                                         3                   3 DLTs thrombocytopenia grade 3 in combination with anaemia, leucocytopnia and bleeding; thrombocytopenia grade 4 and neutropenia grade 3 ; neutropenia grade 4
                                                                                                                                                                                                                                                                    Total P2A+P2B-treated population                                                                             Total DLTs
                                                                                                                                                                                                                                                                                   58                                                                                                 7
  -------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------ ------------------------------------------------ ---------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: HFS=hand--foot syndrome; MTD=maximal tolerated dose.

###### Demographics

                                                        **P1**        **P2A (DL0--DL4)**   **P2B (DL0--DL3)**   **Total P2A+P2B**
  ------------------------------------------------ ----------------- -------------------- -------------------- -------------------
  **Number of patients**                                   9                  33                   25                  58
  **Gender,** ***n*** **(%)**                                                                                  
  Male                                                  4 (44%)            14 (42%)             11 (44%)            37 (64%)
  Female                                                5 (56%)            19 (57%)             14 (56%)            21 (36%)
  **Age, mean (range)**                               59 (37--78)       50.4 (18--69)        49.9 (32--72)        52.3 (18--72)
  **ECOG performance status,** ***n*** **(%)**                                                                 
  0                                                     5 (56%)            19 (57%)             8 (32%)             27 (47%)
  1                                                     4 (44%)            14 (42%)             17 (68%)            31 (53%)
  **Primary site of disease, n (%)**                                                               0                     
  Ovary                                                    0               10 (30%)             6 (24%)             16 (28%)
  Pancreas                                              1 (11%)             2 (6%)              5 (20%)              7 (12%)
  Sarcoma (STS)                                         1 (11%)             2 (6%)              3 (12%)              4 (7%)
  Colon/rectum                                          2 (22%)             2 (6%)              3 (12%)              4 (7%)
  Breast                                                1 (11%)             2 (6%)                 0                 2 (3%)
  Oesophagus                                               0                1 (3%)               1 (4%)              2 (3%)
  Gastric                                                  0                2 (6%)                 0                 2 (3%)
  NSCLC                                                 1 (11%)               0                  1 (4%)              1 (2%)
  Endometrium or uterus                                 1 (11%)             1 (3%)               1 (4%)              1 (2%)
  Cervix                                                   0                  0                  1 (4%)              1 (2%)
  Ampulla                                                  0                1 (3%)                 0                 1 (2%)
  Peritoneal                                               0                1 (3%)                 0                 1 (2%)
  Bladder                                                  0                1 (3%)                 0                 1 (2%)
  Kidney                                                   0                1 (3%)                 0                 1 (2%)
  Neuroendocrine                                           0                  0                  1 (4%)              1 (2%)
  Vulva                                                    0                1 (3%)                 0                 1 (2%)
  Bone                                                     0                1 (3%)                 0                 1 (2%)
  GIST                                                     0                2 (6%)                 0                 2 (3%)
  Leiomyosarcoma                                           0                  3                  1 (4%)              4 (7%)
  Angiosarcoma                                             0                                     1 (4%)              1 (2%)
  Osteosarcoma                                             0                2 (6%)                 0                 2 (3%)
  Synovial sarcoma                                      1 (11%)             1 (3%)                 0                 1 (2%)
  Epitheloid hemangio-epithelioma                          0                  0                  1 (4%)              1 (2%)
  Melanoma choroidea                                       0                1 (3%)                 0                 1 (2%)
  Renal cell                                            1 (11%)               0                                          
  **Duration of disease, days (median (range))**    788 (147--4307)    1000 (151--4415)      540 (33--4192)      718 (70--4415)
  **Prior therapies,** ***n*** **(%)**                                                                         
  Any therapy                                          9 (100%)           33 (100%)             24 (96%)            57 (98%)
  Immunotherapy                                            0               30 (90%)             22 (88%)            52 (90%)
  Chemotherapy 1 line                                   1 (11%)            8 (24%)               1 (4%)             10 (17%)
  Chemotherapy 2 lines                                  3 (33%)            4 (12%)              3 (12%)              7 (12%)
  Chemotherapy 3 lines                                  1 (11%)            5 (15%)              8 (32%)             13 (22%)
  Chemotherapy 4 lines                                  3 (33%)            5 (15%)              7 (28%)             12 (21%)
  Chemotherapy 5 and + lines                            1 (11%)            8 (24%)               2 (%)              10 (17%)
  Hormonal therapy                                      2 (22%)             1 (3%)               1 (4%)              2 (3%)
  Biologic therapy                                      3 (33%)            7 (21%)              5 (20%)             12 (21%)
  Surgery                                               8 (89%)            30 (90%)             19 (76%)            49 (84%)
  Radiotherapy                                          3 (33%)            12 (36%)             12 (48%)            24 (41%)
  Unknown                                               1 (11%)             2 (6%)               1 (4%)              3 (5%)

###### Summary of possibly, probably or definitely drug-related adverse events (CTC grades 3, 4 and 5)

                                                        **P2A DL0**   **P2A DL1**   **P2A DL2**   **P2A DL3**   **P2A DL4**   **P2B DL0**   **P2B DL1**   **P2B DL1a**   **P2B DL2**   **P2B DL2a**   **P2B DL3**   **P2A+P2B total**
  ---------------------------------------------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- -------------- ------------- -------------- ------------- -------------------
  No. of patients                                            3             6             3            14             7             3             3             1             14             1              3               58
  **Haematological toxicity**                                                                                                                                                                                      
  Neutropenia grade 3                                                                               2 (14%)       1 (14%)       1 (33%)       1 (33%)                      3 (21%)                      2 (67%)         10 (17%)
  Neutropenia grade 4                                                                                             1 (14%)                                                  3 (21%)                      1 (33%)          5 (9%)
  Leucocytopenia grade 3                                                                                          2 (29%)       1 (33%)       1 (33%)                      1 (7%)                       1 (33%)          6 (10%)
  Thrombocytopenia grade 3                                                                          2 (14%)       1 (14%)                     2 (67%)                      3 (21%)                      2 (67%)         10 (17%)
  Thrombocytopenia grade 4                                                                          1 (7%)                                                                                              1 (33%)          2 (3%)
  Anaemia grade 3                                                       1 (14%)                                                               1 (33%)                      1 (7%)        1 (100%)       1 (33%)          5 (9%)
  Haemolytic uraemic syndrome                                                                                                                                              1 (7%)                                        1 (2%)
  Lymphopenia grade 3                                                                               1 (7%)                                                                                                               1 (2%)
  Lymphopenia grade 4                                                                               1 (7%)                                                                                                               1 (2%)
  Pancitopenia grade 5                                                                                                                                                                                  1 (33%)          1 (2%)
  **Biochemical toxicity**                                                                                                                                                                                         
  Elevated ALT grade 3                                                                              1 (7%)                                                                 1 (7%)                                        2 (3%)
  Elevated AST grade 3                                                                              1 (7%)                                                                                                               1 (2%)
  Hyperbilirubinemia grade 3                                                                                                                                               1 (7%)                                        1 (2%)
  Hyperglycaemia grade 3                                                                                          1 (14%)                                                                                                1 (2%)
  Hypokalemia grade 3                                                                                                           1 (33%)                                                                                  1 (2%)
  Increased lipase grade 4                                                                                                                    1 (33%)                                                                    1 (2%)
  Metabolic acidosis grade 3                                                                                                                                                                            1 (33%)          1 (2%)
  **Gastrointestinal disorders**                                                                                                                                                                                   
  Diarrhoea grade 3                                                                                 1 (7%)        1 (14%)                                                  1 (7%)                                        3 (5%)
  Abdominal pain grade 3                                                                            1 (7%)                                                                                                               1 (2%)
  **Other toxicity**                                                                                                                                                                                               
  Fatigue grade 3                                                       1 (14%)                     1 (14%)       2 (29%)                                                  2 (14%)                      1 (33%)          7 (12%)
  Hypertension grade 3                                                                              2 (14%)                     1 (33%)       1 (33%)                      2 (14%)                                       6 (10%)
  Pneumothorax grade 3                                                                                                                                                     1 (7%)                                        1 (2%)
  Tumour haemorrage grade 3                                                                         1 (7%)        1 (14%)                                                                                                2 (3%)
  Insomnia grade 3                                                                                  1 (7%)                                                                                                               1 (2%)
  Urinary infection grade 3                                                                                                                                                1 (7%)                                        1 (2%)
  Hand--foot syndrome grade 3                                           1 (14%)                                                                                                                                          1 (2%)
  P2B DL1a and DL2a no related AE ⩾ grade 3 reported      MTD P2A                                                               MTD P2B                                                                            

###### Pharmacokinetic parameters of oral topotecan and pazopanib during single administration or in co-administration during P1 (part 1: drug--drug Interaction study portion, P2A (part 2: Arm A---MTD level) and P2B (part 2: Arm B---MTD level) study parts

  **PK parameters**                                                        ***N***     ***C*~max~**          ***T*~max~**       **AUC~(0−¥)~ or AUC~(0−24)~**       ***t*~½~**           ***C*~24~**
  ----------------------------------------------------------------------- --------- ------------------- ---------------------- ------------------------------- --------------------- --------------------
  **Part 1: drug--drug interaction**                                                                                                                                                 
  **Total topotecan**                                                                                                                                                                          
   Units                                                                                 ng ml^−1^                h                     h × ng ml^−1^                    h                ng ml^−1^
   Alone (D1)                                                                 6      9.29 (5.68, 15.2)   1.75 \[0.50--3.07\]          61 \[36.7--97.2\]         5.23 \[3.90--7.17\]          ---
   Co-administered with Pazopanib (D15)                                       6      16.5 (8.89, 30.7)   1.25 \[0.93--3.88\]           102 (73.0, 142)           4.87 (4.62, 5.14)           ---
  **Pazopanib**                                                                                                                                                                                
   Units                                                                                 mg ml^−1^                h                     h × ng ml^−1^                    h                mg ml^−1^
   Alone (D14)                                                                7      49.7 (35.3, 70.0)   2.98 \[0.97--3.05\]           818 (560, 1195)                  ---           25.9 (17.0, 39.5)
   Co-administered with Topotecan (D15)                                       7      47.8 (33.2, 63.7)     3 \[2.00--4.00\]            807 (548, 1188)                  ---           26.9 (18.0, 40.2)
  **Part 2: maximum tolerated dose**                                                                                                                                                 
  **Arm A---8 mg topotecan weekly and 800 mg pazopanib daily**                                                                                                                                 
   Total topotecan/total topotecan units                                                 ng ml^−1^                h                     h × ng ml^−1^                    h                ng ml^−1^
   Alone (D1)                                                                10      24.8 (17.6, 34.9)   1.78 \[0.98--3.30\]           157 (120, 205)            5.49 (4.76, 6.32)           ---
   Co-administered with Pazopanib (D15)                                       4      43.6 (24.7, 77.2)   1.28 \[0.98--3.00\]           237 (145, 386)            4.7 (3.40, 6.50)            ---
   Pazopanib/pazopanib units                                                             mg ml^−1^                h                     h × mg ml^−1^                    h                mg ml^−1^
   Alone (D14)                                                                8      51.1 (39.8--65.6)   4.49 \[2.00--10.06\]          968 (744--1260)                  ---            35 (25.4--48.3)
   Co-administered with total topotecan (D15)                                 5      51.8 (37.8--71.1)     3 \[2.02--8.00\]           10671 (886--1286)                 ---            36 (25.9--50.0)
  **Arm B---2.5 mg topotecan daily times 5 and 800 mg pazopanib daily**                                                                                                                        
   Total topotecan/total topotecan units                                                 ng ml^−1^                h                     h × ng ml^−1^                    h                ng ml^−1^
   Alone (D5C1)                                                               7      7.52 (4.32, 13.1)   1.97 \[1.50--6.00\]         48.71 (23.8, 99.8)         4.551 (3.83, 5.42)           ---
   Co-administered with pazopanib (D5C2)                                      5      11.1 (5.75, 21.3)     2 \[1.00--3.90\]           53.2 (38.1, 74.2)          3.77 (2.09, 6.78)           ---
   Pazopanib/pazopanib units                                                             mg ml^−1^                h                     h × mg ml^−1^                    h                mg ml^−1^
   Alone (D21C1)                                                              5      58.8 (33.6--103)      2 \[1.00--4.02\]           1034 (544--1967)                  ---           31.91 (13.1--77.5)
   Co-administered with total topotecan (D5C2)                                5      54.7 (35.6--83.9)   2.05 \[2.00--8.02\]           882 (508--1532)                  ---            28.7 (17.4-47.4)

Abbreviations: *C*~max~=maximum concentration, *T*~max~=time to maximum concentration, AUC~(0−¥)~=area under concentration--time curve from time 0 to infinity (total topotecan only); AUC~(0--24)~=area under concentration--time curve from time 0--24 h; *C*~24~=concentration at 24 h (pazopanib only); PK, pharmacokinetics.

PK parameters reported as geometric mean, 95% confidence interval and ranges except Tmax reported as median (minimum --maximum).

###### Summary of statistical comparisons of selected topotecan and pazopanib pharmacokinetic parameters between treatments---P1 (part 1: drug--drug interaction study part), P2A (part 2: Arm A---MTD) and P2B (part 2: Arm B---MTD): expanded cohort B

                                                                           **Geometric mean or median**                            
  ----------------------------------------------------------------------- ------------------------------ -------- ------- -------- ---------------
  **Part 1: drug--drug interaction**                                                                                               
  **Total topotecan**                                                                                                                      
   *C*~max~ (ng ml^−1^)                                                               16.51                9.29    B---A    1.78    (1.09, 2.89)
   AUC~(0−∞)~ (h × ng ml^−1^)                                                         101.83              60.96    B---A    1.67    (1.14, 2.44)
   *t*~½~ (h)                                                                          4.95                5.23    B---A    0.95    (0.73, 1.22)
   *T*~max~ (h)                                                                        1.25                1.75    B---A    −0.5    (−1.57, 0.88)
  **Pazopanib**                                                                                                                            
   *C*~max~ (*μ*g ml^−1^)                                                             47.77               49.71    B---A    0.96    (0.89, 1.04)
   AUC~(0−24)~ (h × *μ*g ml^−1^)                                                      806.45              817.95   B---A    0.99    (0.93, 1.04)
   *C*~24~                                                                            26.89               25.87    B---A    1.04    (0.99, 1.09)
   *T*~max~ (h)                                                                         3                  2.98    B---A    0.92    (−0.95, 1.02)
  **Part 1: maximum tolerated dose**                                                                                               
  **Arm A---8 mg topotecan weekly and 800 mg pazopanib daily**                                                                     
  **Total topotecan**                                                                                                                      
   *C*~max~ (ng ml^−1^)                                                               46.79               24.81    B---A    1.89    (1.27, 2.81)
   AUC~(0−∞)~ (h × ng ml^−1^)                                                         254.09              156.95   B---A    1.62    (1.29, 2.03)
   *t*~½~ (h)                                                                          4.59                5.49    B---A    0.84    (0.62, 1.13)
   *T*~max~ (h)                                                                        1.28                1.78    B---A   −0.49    (−1.70, 0.52)
  **Pazopanib**                                                                                                                            
   *C*~max~ (μg ml^−1^)                                                               53.89               50.87    B---A    1.06    (0.82, 1.37)
   AUC~(0--24)~ (h × μg ml^−1^)                                                      1109.28              965.31   B---A    1.15    (0.89, 1.49)
   *C*~24~                                                                            38.97               34.73    B---A    1.12    (0.86, 1.47)
   *T*~max~ (h)                                                                        2.53                 3      B---A   −0.465   (−3.95, 1.05)
  **Arm B---2.5 mg topotecan daily times 5 and 800 mg pazopanib daily**                                                            
  **Total topotecan**                                                                                                                      
   *C*~max~ (ng ml^−1^)                                                               12.36                6.64    B---A    1.86    (1.29, 2.69)
   AUC~(0--∞)~ (h × ng ml^−1^)                                                        66.57               45.01    B---A    1.48    (1.18, 1.86)
   *t*~½~ (h)                                                                          3.81                4.59    B---A    0.83    (0.61, 1.13)
   *T*~max~ (h)                                                                         2                  1.99    B---A   −0.485   (−2.00, 0.63)
  **Pazopanib**                                                                                                                            
   *C*~max~ (μg ml^−1^)                                                               55.42               59.42    B---A    0.93    (0.66, 1.31)
   AUC~(0--24)~ (h × μg ml^−1^)                                                       920.11              1034.4   B---A    0.89    (0.64, 1.24)
   *C*~24~                                                                            28.71               30.45    B---A    0.94    (0.66, 1.34)
   *T*~max~ (h)                                                                        2.05                2.01    B---A   −0.94    (−5.17, 1.97)
